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ABSTRACT . . ‘ o - A,
A total of zzu subjects part1c1pated in a study ‘to. P

determine how children and adults comprehend logical connectlves. ' ‘
Spec1flcally, the study examlned the effects of age, ccntent, and

- practice on the encodlng and combination of loglcal relatlonshlps

. eéxpressed by six types of logical connectiveS° conjunctlon,. : .
+disjunction, conditionality, bzcondltlonallty, simple afflrmatlon, .
and simple-negation. The subjects were drawn . -from grades 2, 4, 6, 8,

11, 12, and college. Half" completed a task that required them merely
to encode the connectlves. ‘the other half were regulred to combine as
vell as encode them. The results revealed significant effects of

- task, .age, session, and connective, with comprehemsion of dlfferent
-connec tives developing.at different rates. Children as young- as
second 'grade encodgd- the connectives in consistent ways; however, it
vas not until fourth grade that they. showed evidence of consistent .
combination of connectives. In general, comprehension of the: .
conjunctive connective was the eas1est, while comprehension of the .
conditional. and biconditional connectives proved. to be. the most
dlfflcult. (Tabies- of’resu;ts are 1nc1uded,) (PL)
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o

i“’*%-"‘ff.?. R A,Abstract 0

A t°t‘1 of 224 '“bJeCtS in grades 2, 4, 6 8, high school. and college EE

e | solved problems requiring comprehension of rhe logical Connectives and or,”""

.. o . A I
if-then EElZ if, and if and:o ___1 if, -as well ‘as the terms 1s and is no GT o

e "_g,» Half the subjects were required merely to encode the Connectives, “the other';j,f‘

half were: required to: combine “as well as’ encode them., Problemsvwere pre-

sented in two replications ( er. two sessions) via two different content ;,’

' veh cles. Quantitative a vlyses revealed significant effects of task,

-

/ -
a e, session, and connective, with comprehension of different conneﬁtives .

/developing at different rates. In general, comprehension of the conjunc-

tive connective was easiest, comprehension of the conditional and bicondi—'” R

tionai connectives was most difficult. Qualitative analyses indicated just

o N how the logical connectives vere interpreted at, ‘each grade 1eve1 and also
investigated individual differences within each grade 1eve1.
. vl ) ‘ .
o & +
- . « a ) -
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- Under tlnding of logicsl connectives is essentisl to comprehens

L p " Logical Comnectivesﬁ ST :
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Development
‘ o of Logical connectives . S
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al Pstterns in the/Encoding snd Conbinstion
Fo ' I f
. - !‘

cverydsy speech and resding, becsuse these connectives,tie together whst
] .

othervise would be disconnected strings of idess._ In everydsy discourse,

we usually assume that children understand logicsl connectives (such as
if and o nlz if) in the same)way thst sdults do
If‘Shovever, o

f-then,A ly if

snd, or,
(to. the exten: thst the children understsnd them at sll)
l

i-
Jnderstsnd logicsl connectives in systenstic vsys,

1

children of Vsrying sges v
but in ways differing from those of adults, comuunicstion between children
'_"‘/ J
snd sdults may be impsired unless the child}en 8 understanding of -the terms’
. b

I /
is taken into account. Since there is iu?fsct evidence thst children under-

stsnd logical. connectives differently/from adults (for example, Neinnrk &

Slotnick, 1970, Psris, 1973 Peel 1967 -Suppes & reldman, 1971; Tsplin,
t is necesssry to become sware of develop-

Stsudenmayer, & Tsddonior 14) 444
'mentsl'pst%ergstnLQQGErst}ﬁdié;/of logicsl connectives._ _ |
Three basic theoreticnl uestions need to e ansvered in order to be- i

en snd sdults understsnd logical connectives : '

(
come aware of hov child:
1/:1 connective encoded (in the context of a single
: . . . v . .

o,

!

»
) .

1,' How is esch log
/ .
t ‘each. sge leVel? _ _

premise or ststemenm)
I B '- y
Bov is ¢s¢H logicsl connective combined (in the context: of two stste-

‘ o i 2._
/, ,./ j
nd a minor premise) at esch sge level’

ments, a majo%“
setting hsve upon encoding nnd combinstion of the connectives?

0‘ ’ . » -
. . i
. ‘ " ;4' ., -

the context of a single experiment or series of experiments.

- a
: . : ?: . /

f
i

/
‘.

3. ﬁhst effects do sge, contbnt, and experience vith IOgicsl connectives

in the testL
Prévious resesrch has deslt with these questions, slthough not vithin
A brief review

4



1} lLogical Connectives

{ of‘this research vill cst+blish the progress that. has been nade tovard ansver-

1‘8 each Of-lhz three ‘questions. ﬁ _ :ﬁ} ."'/"“”
i . ,
The first question d°‘1° 'ith ‘°°°d138 of 1081611 connectives in the
|

context of single premises or statenents. A relatively earlier investigs-‘
l

tion of encoding vas perforned by Neinsrk and SIotnick (1970).. These au-

| !

thors tested understanding of class inclusion (assertion), exclusion (de-

\

nial) intersection (conjunction), and union (disjunction) in children in

\ P

each of grades three. through nine and in college. Problens were presented

-

in bofh verbsl and pictorial forms.' The authors found thst clsss'inclusion

. and exclusion veré understood by a najority of children of sll sges, inter-'

' section wvas understood by a -ajoricy of»all but,the third-grsde‘children;

'

‘but union was understood byAa -ajority of children enly at tBe;college'level._

The exceptional difficulty of the class union relstion vas c0nfirned by

Neimark (1970), vho found that development of the connective or proceeded
throughout the high chool age range. Neimark-attributed errors in under-
‘standing of this connective to inappropriate’ application of concrete opera-i '

J

tions to a logical connective whose understanding requires application of

LT .

formal operstions.‘

‘.

One of ‘the’ -ost comprehensive investigations of logical connectives

‘was performed by Paris (1973), who studied five logical re1stions as ex-

,pressed by eight connectives' conjunEtion (end, but. both-and). conjunctive .

fobaence (neitber-nor), inclusive disjunction (or, either-or), conditionality

(_gfthen), and biconditionality (__ and o nlz if-then). Children in each of

grades 2 'S, 8 and’ 11 hsd to decide vhether verbal descriptions were true

" or false of pictorial naterisl presented via slides. Paris found ‘that

(a)-the conjunctive connectives-a}I.displayed nearly.perfect perfornsncef

.
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iat all grade levels; (b) the conjunctive—absence connective showe -.Vpat-‘

./tern sililar to the other connectives for eleventh grsders, Put,v 8 umderé '
stood:onlyfpoorly bv younger children; (c)jthe diajumctive connec ives | j.' ' j .
shoved high error rates at all grade'levels;-dsvelopment continue’ through- - e

|

out the age range studied, vith older subjects more likely to tr%at dis-

”'junction exclusively than younger subjects (d) the. conditional/connective
,vas extremely difficult at all levels, and although patterns of/errors
‘changed over age, overall level of performance remained almost/Lonstant,
1(e) the biconditional connective became easier to understand with age,
" with patterns of errors -as well as proportions of errors changing over age,
..a'. On the ;hole, subjects found. conjunctive relationships easie k to understand, -
e : followed in order by biconditional disjunctive, and conditiznal relationships.'
Suppes and Feldmsn (1971) investigated conjunctive, disjunctive, negative, -
.- and exclusive-or relationships as understood by children of preschool and
: kindergarten age from middle—class and disadVantaged backgrOunds. Subjects
were commanded to give the experimenter concrete objects, for example, green’

stars. They found comprehension of,pdsitive conjunctive commands highest,

L3

'folloved by commands involving'exclusive conjunction, conjunction vith nega-
. t :

tion, positive disj ction, and disjunction vith negation.»(:

Peel (1967) investigated three logical relationships-;implication,'
:_incompatibility (implication with a negated consequent), and disjunction.s
.Subjects were of sges 5 6, 8 and 11 and 512;25“2*235; with colored beads

and counters. Although Peel 8 primary enphasis in his experiment was‘methodo-

logical his substantive findings were of some interest. Be found that |

(a) disjunction 1s generally interpreted in its exclusive sense, (b) the con- 'Q;;\\;.
."ditional is interpreted primarily as. a biconditional (equivalence), and (c) .

incompatibility, vhen inxerpreted reliably, is interpreted in its logical
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aenae.i The.preaence of the additional negation in the.conaeQuent thus serves '_
to nake subjects more (rather than- less) logical | - | |
| | A number of atudiea have alao been conducted focuaing upon cognitive
Jdevelopnent in conceptual rule leajning (for exanple, Priedman, 1965; King,
‘1966 Veir, 1964) Since theae studies involve learning rather than encoding
“of logical connectives. they are not reyieved here. Some of these studies
'::are reviewed hy Bourne and 0" Banion (1971), vhohalso'preaent new'data. |
IVS fThe aecond questiOn deals with combination'of logical connectives in'.
§&<f' B the context of major and ninor premiaes preaented jointly. iesearch onf
| this" queation has dealt alnost excluaively vith the conditional connecti%e.
t f Taplin, Staude;mayer, and Taddonio (1974) have folloved up on the research :
H'? with college atudents of Taplin (1971) and Taplin and Staudenmayer (1973) -
” by investigating developmental changes in conditional reaaoning. Sub;ects
in each of grades 3, 5, 7, 9, and 11 were required to indicate whether_the
concluaions of.conditional ayllogisms auch as ﬁlf there is a 2, there ia'an
B. there is a Z' there is an H" vere "always correct, sometimes correct, or
never correct. - The authors found that performance improved with age. and
, apecifically. that nine-year olds treat the conditional connective conjunc-'
' tively ot biconditionally, that the conjunctive neaning disappeara vith

vincreading age. and. that after 13 years of age. the -conjunctive aeaning

'”haa disappeared and been replaced by the true conditional neaninﬁ

’f~————¥—;~~.-—~Roberge~and—?aulua (lQJl)—and_Knd:off_and.nohe:ge;ilﬂlil_haxe_alao
inveatigated the development of: conditional reasoning ability. "The former

authora alao compared conditional to class reasoning abilitiea (vhere class

>reaaoning problens were presented with the quantifiera some and all). Find-
o T -
o inga from theae experinenta we?e that perforlance improvea uith age (from -

N - 'gradea 1 to 3 in the latter atudy and gradea 6 6, 8 and 10 in the latter i

’ . : ' to - ’ . . -
Qo - . 4T,J Q 1\‘~c~:-- : S SN S S o v
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atudy, that modus ponens'is easier than tollendo tollens (for tﬁ?ffirst to

third gradera fbr whom the contrast was: -ade), and that for grades 4 to 10,
clasa reaaoning ‘{s easier than conditional reasoning. ST .

i E411 (Note 1) tested children of a i 6, 7, and 8 in order to~determine ST
whether children could diacrimingié\between necessary_conclusion and its o
negation. She found that even theee very young children performed at a level
well above chance in soléjﬁg\proszms including conditional and categorical
v(clasa) ayllogisms ‘She also found that performance improved vith .age.
O'Brien and Shapiro (1968) followed up on this work first by replicating |
E :- . ’Hill, and second by including problems requiring a third category of re- -

| sponses in addition to "yes" and "no." These new problems contained informa-

tion that was insufficient for the aubject to reach a logically valid concluaion,
and hence the correct response wvas that "not enough clues" had been provided.
These authors found, as did Hill, that performance of 6, 7 and B-year olds

~ia aignificantly above chance and increases with age:jpen all problems have v

fa logically valid conclusion. They found a considerable amOunt of below- ' |
~chance’ performance, however, when not all problems had a logically valid con-‘
clusipn, and that growth in the ability to distinguish between problems with

and without a valid conclusion was ery alow. Shapiro and O' Brien (tS?O)

extended this work to children of ‘ages 6 to 13, finding that there was slow’

growth in the ability to distinguiah the two types of problema in this age

~

- range, that there was no”evidence.of leveling of f, and that,performance was
s 4 . . - ’
' far"txom perfect at all age levels.

The third question deals with effects of age, content, and practice on‘ .

encoding and combination of logical connectives.l‘ As would ‘be expected,

v

| age is a potent ‘variable affecting performance. Ih alf#ﬁigyhe studies—-enéﬁ
. . :

‘ tioned above, performance changes with age. Intereatingly, though, it does /




, iogicaliconnectivea
’ . ‘ ¢ . \ K . . 7
P . . . -
) not aluaya chanse for the batter. ror example, Paria (1973), corin; dia-
: 5‘
junction inclulively, found that’ the tendency to treat diajunction inclu-

R "aively decreaaes with age. As children grow older, they are more likely

IS

nto uae the excluaive meaning of or. Taplin et a1. (1974) found that al-
_ though’ truth functiona for conditional relationchips change with :ge,'

the proportion of ubjecta having any truth function at all does not change.
~They concluded that changes in performance are linguistic rather than logi— ‘

cal. A number of investigators have: found age-related inversions in

‘learning tasks vith logical concepts (aee Bourne & O 'Banion, 1971)
” general, though performance does: improve" A pattern of developmental
differentiation that. seems to capture findings from aeveral laboratories_
. is a "gradual developmental differentiation of a- ;eneral conjunctive strategy
o ) ;nto (a) processing of the independent th. status of elements in disjunc- o
| tive expressions, and (b) cause and effegt interpretation of the ‘relation

'between elements in conditional_and;biconditionnl statements" (Paris, 1973, D
) S, : ¢ - ) . B :

) P- 27§)

-

¢

? Investigations of conten X ffecta presentca-mixed picture: Most atudiesm

have uaed only a aingle type of content, oo that Do concluaion can be draWn

regarding possible ' fferential effects of content. ‘Roberge and Paulus (1971)

—studled tliree types of content;~condensing ‘the four types uaed-in Hilkins“a_.__mm_”_

(1928) claasic atu y of ayllogiatic reasoning concrete-familiar, abstract, -

and suggestive, C crete—familiar items had concluaiona that wvere facts‘.

outaide the childr _'a experience. Abatract itena/uere presented via ayn-m' ,
bola, capital letters, or nonsense vords. Suéiiytive.itens were ones re- o
ferring to thinsa within the children s experience, but vhich contradicted |
'knoun facta. The authors found a° aignificant effect of content, ‘and a aig-

L
nificant interaction between content and type of reasonins._ Concrete—faniliar '




', effect-of content: They presented conditibnal-reasoning itens either\yerbally

'~ They found that pictorial content is easi:r for youngen child.renu but vhere 3

©. any content duference w&o{b:ined at all for older childreJa}ﬁ favored

i. comprehension of logical connectives in children %first,sbecause ic. often {

' resear h/on the conprehension of logical connective derives fron (a)

. . . » '. ' ’ N ° ’
.+ .. Logical Cénnectives P4

e - . i . . B (‘-.. N o

".itens'vere the easiest of the three‘types in both class\and conditional-teaaone

-t ) ‘ ,

ins problems. In class reaaoning, suggestive content vas ' aasier thaﬁ\abatract

R

A
content- but in conditional reasoning, suggestive and abstract ton;intwdid not. .
v

differ in difficulty. Kodroff and Roberge (1975) also found a significant ffg };,

“,1'? e -

Fo-

or concretely, and found confrete presentation facilitated perfornance ‘rela- it
SN v
tive to verbal preaentation.! Neimark and Slotnick (1970 hovever, found a ':Ag-

nore complex pattern of results in c?nparing pictorial to vegbal content.
. . o

>

,,_'.

‘-‘l. . .
_qlé“:\ A

verbal content. osher'°“ (1974) studied complex 1081c4&'reasoning‘usin8 or

.

" either toks (little statuettes) or elements of a playground as content vehi-

! cles. Be found only trivial effects of content in a- variety of data aqalysés

‘Practice effects would sean to be important in tht StUdE.Of developing -+

= . .

2, n,«_-'

takes children some time to adjust to the demands of complex‘infofnation- Vs

!

processing tasks of the. kinds used in studies of;logical connectives, and - N

-. aecond because experience vith the l&%ical connectivas in a8 givenosetting f' s

'; may affect thej,ay in which these connectives are understood n Por whatever - e

~ e xb; L

’"f reasons, practice effects have been virtually'ignored in thevliterature¢5 TR

0:!

on conp hension of logical connectives. We thus have-no ba@is for asses- Co 'f
sing thzﬁeffects of experience with logical conn ‘tives in a given setting

upon either encoding or combination of thos

The' present investigation is intended to addreSs the three quehtions - wtE

poaed rlier, and which are discussed above. The need for this further

;‘é"’ P \ Ry

v o : ) . . ¥

‘ ' 10 A'.A_ . if{;xaf



R | - b/ﬁmgf?flﬁ%i nbgicalffonnectives
;‘,differences across studies in subject pOpulations, experimental‘procedures,
- task lsterials, and experimental designs vhich mahe dif%:cult comparisons
L across experiments of encoding tasks on. the onc‘hand (such as those used
3; by Néggark & Slotnick, 1970 and by Paris, 1973) and combination tasks on
:éthe other’(such as those used by Roberge & Paulus; 1971, and by Taplin et
Q al., 1974), (b) sole use of th:\Eond{tionel connective (or its class

isonorphs) in most combination studies, providing little information about

combination of premise informationiith logical connectives other than -the’

.\,«'

- eonditional, and making comparison of,results from encoding snd combination ,*,

*tasks ;i{h\gther connectives‘almost impossible, (c) failure;to study ef-
y
fects of repeated exposure to stimulustaterisls in previous studies, msking

4t impossible to assess whether performance improves or in any vay changea
. - once subjects have become more - thoroughly fsmiliarized ﬁith the'complex tasks
required of them; and (d) the possibility of further methodological refine—

.ments, which are introduced here. The methodology for inferring logical

-truth functions builds upon preJiOus work “of Taplin et al (197&) Stauden-

mayer (1975), and Peel (1967) in studying logical connectives, and upon the

vork of Levine (1966) in studying concept learning, but ipcludes some novel .

. . o ,a.
o ¢ features that have not been used in previous research.

— \

(¥

e e T B Method - . . . . \

Subjects

- 2. . i
. . -« . awd

The number of subjects in the main. experiment totaled 224, of whom
- 34 were in grade 2, 38 in grade 4, 38 in grade ‘6, 40 in grade 8, 38 4n’ high
| lchool (grades 11 and 12), and 36 in college (freshmen snd sophomores)
- .Hean ages at each grade level were 7%, 9&, llk, 13&, ,7 and 19 years for -
the respective grades. Elementary and secondary studqnts were - from a middle-

D
: 2
--.class suburb of New Haven, college students were Yale undergraduates. High

.

. : - . o~

f] 4 | - ‘-n. S ;1.2

.y . - e e

N



. | "." '.‘10.

~ school and .college students were enrolled.in introdug:ory psychology courses,'
R . Co S DR o a
and'received'course credit for their participation.' Subjects at each grade

.”level vere approximately equally divided between se;es. Secbndhgrsders ‘
: vere prescreened to exclude grade-repeaters and children classified as non—

readers by their teachers, otherwise, all students whose parents returned
: permission slips were tested at each elementary and secondary grade leve1.~f'
: n one.fourth-grader were eliminated becauée of ina-

ibility o unwillingness to pay attention to the task ojherwise,‘all Sub: o

jects who participated contributed analyzable data.,

A subsidiary'replication experiment was run in which 36 fresh;:;‘zﬁdf“/
s

sophomores at‘Yale served as subjects These subjects were tested 1% years

- ’,

after the. original subjﬁE‘/’by a different experimenterq'

Materials

-Two different tasks——encoding and combination—-uere presented in crossed
-fashion via two different content vehicles-fruits (apple banana) and

hapes (circle, square) over the coursﬂhof two sessions. Props for the

tasks included 2 box, a towel to cover the box, and two objects (either an’

artificial spple and banana or a catdboard cirgle and square covered vith

-

silver paper). ‘ : N - 3 : S e
. ‘J : '

In the encoding task each problem consisted bf two sentences describing ,

the contents of the box, namely, a premise and a conclusion drswn from that -
b i

| premisea Premises"ere‘constructed op the basis of 8ix logical relationships

expressed by seven. different logicsl onnectives: conjunction (e.g., there o

J

is a circle in the box and there is a square in the box), disjunction (e.g.,
: there is a circle in the box or there is a square in the box), conditionality '
(e.g., if there is a circle in the box, then there is a square in the boxlv

there 1s a circle in the boi\gg;z if there is a square in the box) bicondi--

'. 12:

A

. _Logical Connectiyes_ ‘.fﬁ;" o



R . . o Logical Connectives f’7;-~
ar

tionslity (e.g., ‘there is a circle in the box if snd onlz if there is a squsre

A

in the box), simple sffirmstion (e 8., there is a circle in the box), snd

simple negstion (e.ge, there is not a circle in the box) Pour conclusions'

~s

T e were presented (in rendom order) for eath premise, corresponding to the-

!

22 possibilities thst esch of ‘the two items (spple end bansne, or circle
and square) either was or wss not in the bdx "PQ (e g., there is a circle

in the box-snd there is a square in’ the box). PQ (e. g., there is only a

circle in the box anfl nothing else) PQ (e.g., there is only square in the

,boxtsnd_nothing else); snd,PQ (e.g., there 48 not .a circle in the box and
PRI YRR o ' T e . L L ‘
ere~is not a square in the box)” Since thete were 7 different premise

ectives snd 4 different conclusions, there were a totsl of 28 different'

A _Gncoding Probl for esch content: S | ) N ‘- - '
i- ~ In the c:§fiiation tssk esch problem consisted of three'sentences de-*"
: K ' scribing the contents .0of the: box namely, a major premise, a minor premise,
’5“’ snd a concluskfon. Only the first.four of the logicsl reletionships described ¢
dbove (conjunction, disjunction, conditionality, biconditionality) were used
for the msjor ﬁ:emiSe, since the.latter two relationships (simple_sffirmation,
' negstion)'spply onl§ to single'items.snd hence do not.permitbcombinétion of twoki
P items.i Hsjor premises in the combination tssk were identical in format to
the‘si;gve premises in the encoding task. ' There were four possible minor
i premises, corresponding to the 2 possibilities'thst each of the two ob-"
jects (spple and bsnsna, or circle snd squsre) was or was not in theibox:
P (e g., there is a circle in the box), P (e.g., there is not a circle in the
box), Q (e. s there is a. square in the box), and Q (e.g., tHEre is not a square
in the box). There were four possible conclusions, identical in form to the -

- minor premises. Bowever, since the conclusion slvsys referred to the object

complementsry to the object referred to in the minor premise (for exsmg;e,
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“"!ggéig if;the object'ﬂamed in'thefminor premiselvas Eircle), there-vere eight :
_‘pooaible pairings of mi%pr premises with conclusions:. For each of the four
, possible minor premises, thepcorreSponding conclusion had to be that the com-
plementary object either was or was not in the box. Eince there were 5
different logical connectives in the major premises, and 8 possible pairings
. _betveen minor premises and conclusions,vthere'were-a total of 40 different.

P

[combination problems for each content. .

.

. Design-~: I ' K e

The dependent variable in this'emperiment was the subject's response

of true, maybe true and magbe false (abbreviated to __zbg on answer sheets),

or false to each conclusion (cf Taplin et al., 1974), Independent variables
' were task (encoding, combination) and grade level (2 4, 6, ‘8, high achool,

college) between subjects, and‘content (fruits, ohapes) and session (1, 2)’:
L within subjects. All independent variables were fully crossed Orden>of

' presen;ation of logical connéctives and content vehicles were counterbalanced
T’ . ..,. ¢ s

'so that each aubiect received each of the logical connectives in 8 different '
e i )
P -
= order in eacﬁ)session, with one content vehicle per-session.
'  Procedure . - : ,
— - : .
St : ’

Subjects were tested in small groups of from. two to six members. Each

‘of two sessions began with a pretask deaigned to familiarize aubjecta with

2

the experimental procedures, the rele ant content_yehicle,.and the definif ‘

- . . ’
, .

tions of true, maybe true and maybe false, and false. In the elementary-

.

ochool groups, the experimenter also.made aure»that-each subject knew what the

N Cose ’

relevant content objects were, and was able to read each word in the probléms.

Subjects»were given three'aasy practice_problems‘(one having each of the

-three possible responses aa correct) to insure understanding of the task.




Logicnl Connecti;es
'fhe tasks verevpresented.n?_gemes in~vhich the experimenter was aecretfi
A _placing one, both, of neither of'two objects'in'the ccrdbosrd box. 'The oub—{

)

ject's‘task in ¢he game was to figure out what the experimenter'had done. - ,

- | In order to help the anbject figure this hut, the experimenter provided the sub—,u

Ject vith'certain clues. The

ngle premises in the encoding task and. the

. major p emises-in~the.combins ion task~served as such clues. These premises '

wvere rinted on 9 x 12-inch poster board. The content vehicles vere'pree

7qented.ns pictures rather than words to'facilitate_ease of recognition.
For the combinntion task, minor premises‘served‘ss edditional clues (called
‘hints), and were presented on 3 x S-inch flash cards., A given: card either
' pictured anrobject in order to show that the object was in the box, or pic-
tnred the object with a black X drawn through it to show that the object
- : '=was not in the box. The experimenter read all problems aloud as well as
| - nlldwing'children to read the problems from the cards. . _ - N
Problems within each session were biocked by logical connective. * An=
swers to problems were recorded in booklets that had for each problem ‘the |
- words tggg, maybe, and ;glgg printed ‘in them._ Subjects_responded by circling N
:, the‘apprOprisge‘word. ’Testingf;esoions lasted 20ptc-dbfminutes'apiece. |
" Results |

_____ 5 Dattof of Analysis

-

The unit of snalysis in the data was the response patt;;n A response

patternd refers to the four (encoding task) or eight|(combination task) re~

sponses given to the conclusions. and provides the | means whereby one can’

*

determine how each logical connective was interpret d. TFor example, if

\ .
in the box or the square is in| the box," the response pattern would refer
|

¢

to the pattern of "trues,"” "maybes,' and "falses ‘given to the conclusions

,the premine of a problem in thf encoding task statef that "the circle is
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VR
. R . o a LN I.' (
"Thcrelis only a circle in the box and nothing else,"'“There'is only a

quare in the box and nothing -elsé," “The circle 1s in the box and the
aquarc 18 in the box,"” and "The circle is not in,the box and theasquare '

1s not in the box. _ Response patterns were -each compared to model patterns. .

A model pattern refers to the pattern of "trues," “maybes," and “falses 1.

that would be predicted 1f a particular logical c0nnective were-interpreted
\ ~ C W - - o
E;/“' in "a particular way. ‘Consider the -example above. If or in the premise

werJKinterpreted inclusively (either or both objects in the box) , one would |

v

‘ expect a subject to respond "maybe" to the first three conclusions , .

3
f

*and "false" to the last conclusion. If, 'however, or wére-interpreted ex- Ey

3

clusively (either but not both of the objects in the boxT, one would ex-

pect a subject to respond “maybe" to the first two conclusions, but “false

to thé last two. The third conclusion becomes'false in the«exclusiye inter-

pretation of or because both objects cannot be in the box. .

Table 1 shows model patterns associated vith 16 possible interpretations;,-.
BN

- of the logical connectives. Each interpretstion.has a distinct pattern, g0
that it 1is possible-to distinguish among theldifferent interpretations,by ’

o the response patterns subjects actually gave. The 16 patterns'presented~in’
the table are in fact the only logically consistent patterns that are pos- .
sible. Thus, if subjects respond in a vay that is logically consistcnt it.
will be possible to infer what forn this logical consistency takes. The 19.

'patterns are exhaustive-with respect to logically,consistent possibilities

because in standard logic, each of the four possible states for P and Q—-

PQ, PQ, PQ, PQ-—may be either true or false, yielding 24’ or_ 16 possible

joint atates. In the present experiment, a subset of statements that would y‘

"~ be classified as truc in standard logic are classified as "naybe truag maybe

e

~ false," using the kind of defective truth table advocated by Johnson-Lsird

ST



" seems better to capture peop r a intuitions aboht validity For-example,;

'experiment uheneVer.P isnfa e, nlthough inustandard logice it Hbuld be

,es;nnted earlier, corresp
N heing true and false. The

'task,‘which are paired wit

'lthe minor premise. -

- Quantitative Analyses of uesponse Patterns

- The two interpretetions :

'_ pettern(s):for_each logic

'f*Logical-Conhéctives
. ‘. X N 4 | 15

(1975) end Wason (1966), nnd sed by Staudenmayer (1975) and Teplin et al.

"

‘(1974) The kind of defecti ﬂ truth teble used in this end other experiments :

-

"{f P then Q" would be cinss fied as “maybe true, maybe faIse" in this

[y

classified as true, ‘This. pping of a subset of trues onto Paybes does not

Doy -

_'change, however, the possib!lity of there being just 16 logically consistent

I

response (or model) patternj in the solution of the problems used in this _
T- — — _\ _':_‘_; " T e ,.".

experiment.

i
{ . . . 4
i

v{ert lable 1 about here

| ] o e S .
In the table, there age four possible”conclusionS'for theigncoding.task,
ding to -the possible combinations of P and Q

e nre four possible conclusions in the combination

h the f0ur possible minor premises such thet each °

»

! : .
The first data anal sis dealt with proportions of errors, that is, of '

!

_ reeponse patterns not conforming to the correct model pattern(s) for each

i

logical connective. One 1ogical connective, or, was judged to have two correct

i

N .

“ftem referred to in the cynclusion'isidifferent from the item referred to in_ N

I,

patterne for the purposes of this experiment. The two pntterns corresronded ; o

to the logical.(inclusiv ) end everydqg (exclusive) interpretetions of oE.EH”?é;

".\.

-'J

e different. and both ‘are of interest in an ex~:
s
rstand people [ interpretntions of logical connGCtifés.

-/\_\

periment designed to und

.,.v

Proportione of resp nse petterns not conforming to the corregt model

Ll

- Ve
i oA

o~

”nl connective are shown in Table 2 vith or ecored .

in the two different J@y;. In order for a response pnttern to be QcOfed OS

]

P .. =
. -
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iy (conbinstion tssk) conclusions as predicted by the,nodel pattern.

. The msin effect for connectivefbls high1y~signiflesnt in both the encoding

Te o - onTL T,

T _jy-j' S ef-ng1;a1 Connectives
: ' | 16
,i'correct, a subject hsd to respond to sll of the four (encoding tssk)-or eight e

-

.Insert Tshlevz about here |

. The difficulty of the combination tssk relative to the encoding tssk

‘-wss assessed by conducting a paired t-test on the oversll nesns for esch

',logicsl connective as shown in the lsst column of stle 2. Only those

™ .
connectives were used that overlapped between tssks, snd the mean for the

-y

'exclusive rather than the inclusive interpretation of or wss used since

thst interpretation seemed-better to reflect subjects use of the term.

' Since the combination task required all of the operations required for v
‘the encoding task, plus sdditional operations, it ‘was expected thst per-

-formsnce vould be poorer on this tssk. This expectstion was . confirmed

L J

l”t(4) -2, 33 P < .05. Hhen the oversll proportion of errors in encoding |

“( 59) is Compared to the: oversll proportion of errors in combinstion (. 70),

[

it becomes obvious that ‘most errors msde in the interpretation of logical

~

connectives occur in the initisl encoding stsge rsther thsn the suhsequent \

combinstien?stsge. Incrementsl errors dpe to conbinstion smount’only to - - L

Y s . v

AL (L70-.59). . o '

A fourdway snslysis of variance was conducted upon means over subjects,

-

_ ' 7
-with connectives, grsde, content, and session as independent variables. -

cssk r(6 30) = 111 18 _g < .001 and the combinstion tssk, F(b 20) = 158 61,~

N

P < .001; Exsminstion of the proportions -4n Table 2 reveals. the sources of
the nsin'effeCt., In both tssks, the connectives seen to fall into three
groups.of.differentisl difficulty.l The conjunctive connective stsnds alone

as the easiest‘of the set. In tge second,group-sre exclusive disjunction

18



fnectivea Third encoding of negations was no‘nore difficult than encoding

- /
of simple affirmations. The relatively grea difficulty of the aff{/Ration

. | Logical Connectives
: ' ' 17

_and 'in'the encoding task, affirmation'and'negation. The third group com-

-prises the two conditional connectives and the biconditional. - Turning to

the individual connectives we examine th patterns of interest. Pirst, ‘ ' g

'1t is clear that overall, subjects are far nmore’ likely to interpret or in_

its exclusive meaning than in its inc uive mesning. This difference is

as vould'be expected, since the/exclusive meaning of or 18 the one used in

‘ »everyday language. Second//éonditionality is better understood when ex-

§pressed by the nly 1if 1f connective than when expressed by the if—then con-

/

‘task seems "to derive from the binary nature of the stimuli as will be dis-

4
cussed later. )

'The main effect for grade was also highly significant, F(S;S)-F 95.37,

p < 001 'in the encoding task, and E(S, 5) = 62.14, p< .oo1 in the"-‘combination' |

' task. Visual examination.of the last row of data for each of the two tasks -

reveals a monotone decrease in error rates-across grade levels in both tasks
except for a trivial inversion between grade 8 and high school in the encoding

task. The rate of decrease in error rate does not seem to show anyv slackening

svith increased age. Except for the. inexplicably good performance of the

eighth graders in the encoding task, the rate of decrease is actually quite

steady. Apparently, development in understanding of logical connectives con—~

" tinues even to the college level.

The main effect of session was statistically aignificsnt for the encoding

. task, Y(l 5) = 10 32 P <..05. but not for the combination task, F(1, 5) -

3. 82 p> .10; In both tasks, however, the trend was toward improved per-

formance with practice. Not all of this improvement is necessarily task spe-'-

'cific, aince at least sonme of the connectives (such .as ‘those of conditionality

A

19



e, . Logical Connectives

18

and biconditionality) may'havebbeen relatively unfamiliar to some of the

‘ subjects (such as the younger elementary-school children) »
" The main effect of . content was trivial ‘n both tasks (F < 1). -Ap-

‘parently, the, logical connectiveSrwere abstracted from the, content of the" i

_\ ‘ j '-—...

;*"aentence without any effect of'the content upon the way in which the’ coﬂ\“

nectives were abstracted. Although the _contents were chosen so that one
v0uld be. relatively more abstract (shapes) and.the other relatively more
' concrete (fruits), it is of course possible that the failure to obtain a
significant effect was due to insufficient varietv in the two contents .
sampled. L | '(; s '
vu,bnly-three interactions.were statistically significant.in the two
.tasks. Two of these (one in each‘task) were for connective by grade,
F(30 30) = 5 07 P < .001, in the encoding task ‘and F(20 20) = 7.54, P <
.001, in the combination task. This interaction signifies different rates

.of development for the various logical connectives, and 18’ thus of con- "’

siderable interest. An examination of-trends in.Table 2,reveals the sources~h

of the interaction. Errors for the conjunctive connective start at a

fairly high level in each task but fall to near zero by grade-8° or high

)

school, depending upon the task (encoding ochombination). Errors for:the '

affirmation and negation-connectives and'for the exclusive interpretation'of'

the disjunctive connective start at very high levels, but fall to relatively

low levels by college age. Errors on the conditional connectives (and es;
pecially if then) and the biconditional connective atart very high and remain
at relatively high levels. Thus, developméntal processea proceed at very’

different'rates for the various connectives. The third significant interac-

.
74
<

O
. PO
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tion, for connective by sesgsion in the combination task P(& 20) - 4 04 .
}
. P < .05, derived from greater improvement ‘dn performance for easier than

. - for more difficult nnectives. This result would suggest that qore of -

/

jthe errors on the easier connectives were task-specific, and vere corrected

- - - lr‘

_ .after'one-session of : serience with the task. Errors for the more difficult
Lw . - ) ’ ’ » -

connectives vere due to faulty comprehension of the connectives, and were

N ]

not alleviated by further task-specific experiences..
' Taken as a whole, the quantitative analyses of error rates present
l'coherent picture, showing ‘that the connectives are differentially dii:icult
at the various ages included in the study, and that understanding of t
T various connectives develops at differe t rates. But although the’ quanti-
_tative analyses show how many errors re made at.each developmental level,v
+ they fail to indicate the kinds of errors that are made. These indications ) "._

are provided by the qualitative analyses described below.

Qualitative Analyses of Response Jktterns

- The second data analysis dealt with fit between response patterns and
"'_i_‘model patterns for each logical connective. In this analysis, response
patterns for each logilcal connective in each task were compared to the 16 -
. model patterns shown in Table 1. In order to permit a quantifﬁsd comparison,.
"-_ responses of "erue" were coded as 1, responses of "maybe" as 2, and reésponses
of "false ‘as 3.8v This quantification procedure permitted fit to be assessed -
" in terms of two indices, the root-mean-square déviation (RMSD) and ‘the squared
correlation (r ) between a given response pattern and each possible model
pattern. The first measure, RHSD, provides an index of badness-of-fit in
* .terms of the original unit of measurement. Thus, ‘an RMSD of O would indicate
perfect fit between a responae pattern and a particular model pattern; an
RMSD of 2. (the difference between 1, for a "true response; and 3, for a "false
°L R

(¢
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response) wouldtindicate the poorest possible fit between a'response pattern-ﬁ

and a particular model pattern. 'The second measure, r2, providea an iéaéx'
~

of goodness of fit between a given response pattern and each possible nodel

\.‘

'

pattern 1in- invariant units ( 1:to l) that atandardize the variances of the EE

. ‘ o £
patterns being correlated. The tvo neasures provﬂde complementary information

in aaseasing model fits,\aince both abaolute fit (RMSD) and relative fit (r )

-

are of interest in determining vhether a given ‘model adequately describes '
. o - _ S v :

Z/’a.aet of data. Jﬁ;’ - .: .. ' ( m't.wli,” o - ';)

" In order for the'qualitative analeis to be informative,-itjis necessary

*that the data be internally consistent across subjects.. Otherwise ‘one runs

_ the risk “of diacovering group patterns that do not represent the majority of
individual response’patterns, or even any individual response patterns,_but
rather eome artifact of averaging across aubjects. With all of the logical'
connectives considered together alpha (internal-consistency) reliabilities
acrosS‘aubjects in the encoding task were ,92,-.96.‘.98, .99, .99, and .99

'for-gradehi,-grade 4,'grade 6, grade‘B; high achool, and college atudents
respectively; reliabilities in the.combination task vere .40, .95, .98, (99,
.99,.and .99 for the respective grade levels. ReliabilitieS'vere also computed

for logical connectives individually: In the encoding task, all reliabilities

. were .90 or above except for negation at the grade 2 level C. 60), in the

combination task, all reliabilities for grade 4 and above were'BVer .90 _The  _:

large majority.of:reliabilities for the individual connectives were in the high

'.bo‘-. These data sufgest that the data were all highly reliable except for

’

combination at the grade 2 level and encoding of-negations_at the grade 2 level.

iBecause of its unreliability, the combination task at the grade 2 level was
- not further analyzed.

Table 3 shows fits at each grade level between'response patterns and

- | . ‘.‘, - 22



‘terns with the lowest (firat-ranked), aecondélowest;(eecond-ranked). and\;

' vere best . fit by each of the three top-ranked models (ignoring the others)

,Generally, one can expect the group data to represent the individual data _

R . " Logical Connectives -
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¢

'faelected model patterns~for eacn_of\tne-logical connectives.- The aelected‘

_ model patterns are the logically correct.lodel'pattern,.and‘the model pat- .

hird lowest (third-ranked) group RMSD's. The RMSD's are'displayed in’the'-.

. -

sztable, as are the proportions of individual eubjects vhose response patterns *

. accurately. This is ‘not always the case, however, especially when none of

the models fice the group ‘data particularly well. These data make‘it possi-

ble to determine (a) how vell ﬁhe)model pattern for the~logically oorrect in-

¥oF
Wi : .
terpretation of each connectivefﬁit the group data, (b) vhether the first-

ranked model - pattern was the aane as the logically correct model pattern

l ~

for the group data (and if not, uhat the first-rank%d model pattern was),
! ‘

(c) how well the firat-ranked moaél pattern fit the group response pattern,

_'(d) how well the first-ranked model pattern fit the group response pattern

compared to the two strongest competitor model patterns. and (e) how well

‘the group'data'corresponded to;the individual_data.

V-

Insert Table 3 about here

" Conjunction. The results in the encoding task for the conjunctive con-
' ~ . . .

‘ nective, and, were simple and straightforward: The conjunctive interpretation

of and provided the oest fit to the data at each’grede level. 1In the combina- )

. tion task, response patterns for the conjunctive and biconditional interpre-

 tations. were 1ndistinguishab1e because, as mentioned earlier, certain (con-i

tradictory) conclusions were omitted in this taak. These conclusions would

have been needed hogever, and were available for other taaka, in order

to provide unique nodel patterns for each poseible interpretation of' the

-

“{

t"‘".. ’ | .. 7\ 2’) |



reaaonable ‘to conclude that the conjunctive interpretation Ghs in fact the

j.BOZ of the subjects in the encodin task appear to have used -an inclusive o~ 3 }
' disjunctive interpretation All vSl
~patterns for the conjuncsive interpretation were )99+ whereas conpetitor ' ié

-models did much vorse.9 o AL ' S ' .o -

. ) . . ) : l . . . ‘.\‘ .. A ‘,_,1__ . v" B4 , ,

o e . ‘ . . N N X o - . : .-
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logical connectives. In view of the encoding results, however, 1t seems .

% s

one eubjects used.' The absolute levels of fit for the conjunctive gnterpre-

4

"tation were extremely good at all except the second-grade level where ebout .

ues of r2 between Iodel and group response

é\\

~ - 4 c . *y

~ ) f ) o . o e ) ’

/show a strong tendency to use the
o the inclusive interpretation. The comb nation task shows a aimilar although
, somewhat less clearcut pattern, with the transition apparently occurring

'alightly later, perhaps because the combination task 1s 80 difficult that

Disjunction. Disjunction, it will be recaIled was scored in two: uéys--o

for the inclusive interpretation and for the exclusive interpretation--and there-

3
' Y ) i . J

fore two correct patterns are- shown in Table 3. The data show an interesting R

interaction-bEtween age ‘and interpretation of_or. In the.encoding task, chil-

o “dren at the lowest grade level (2) use the inclusive interpreta ion of or

in preference to the exclusive interpretation. This pattern continues in

diluted form at the Srade-four level where individual differences in inter- S

pretations become more. pronounced; At the higher grade levels, children

o

clusive interpretation in preference to

,.even sixth graders are not yet ready to apply to it their newly developing

meahing of the word or. The replacement of the inclusive interpretation of

' A

¢
or by its exclusive interpretation appears to continue even through the college
level: The discrepancy between model fits for the two interpretations continues

to increase ,even to.college age. Correlational results show ‘the same pattern

" as RMSD's. ‘ln the eneoding task, for example, the highest r2 among the nodel

-patterns is for the inclusive interpretation of or (.72), . vhereas r2 for the
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, exdlusive interpre tion is e;mere aOl at the second-grade level, At the
) \ ’ .’ 'x
sdult levél however r2 for the exclusive interpretation is .99 whereas .
2'for' the inclusive interpretation is a mere .64 ?,: \:_ . -

"Tﬂﬂ_iz.wl~. ' Conditionality., The conditional was. shown in the quantitative analy—

ses to be among the most difficult of the relations. An examination of SR
S8 Y ot

Table 3 shows the sources of errons; nsider first the connective, if-

then, At the second-grade level,' e of the model patterns j}t»the'

.~c;‘l't""“-" LI \ . | oty
“data'very well with the plurality of subjects appearing to use a cOnjunc-ﬂ,

: : J&
g tive interpretation. In the encoding task,gtheaconditiOnhl* h!%ﬁterpreted "

S, e biobnditionally’by at least a plurality of subjects at the next three grade.

levels, with strong competition from the correct condftional interpretation o

-

first appearing at. grade 8. Most subjects at the high school and college

‘levels use the conditional interpretation, although the biconditional pro- .,

vides strong competition as late as high school In.the combination task,

if-then is interpreted as a reverse conditional or a bic0nditional by sub-
stantial numbers of fourth graders. At the sixth and eighth grade levels,
- ' the biconditional interpretation clearly p7edominates. At the high school‘

. level, the conditional interpretation comes close to taking .over, and by the ' -
college level, 1t has indeed taken over. Again, performance on the-combination '

task seems to lag one level behind performance on the encoding task, perhaps '
because of the combination task 5 greater difficulty (but possibly because f{
"’of differences in the subject ssmples) The high school level appesrs to . .
be transit%onal in both tasks, with substantial numbers of subjects using | |

~ both the biconditional and the developing conditional.interpretation. .Only

'
- at the college level does the: conditional interﬁretetion endoy a clear ad—

-

“4

vantege oVer the biconditional one. It is noteworthy that even et this .

level, RMSD is relstivel higher than 4t was for the two connectives con- .
Q : . ' ' ' :




rm;-cpmbinacion~ts$k corresponds S
LN

. to the conditionalsinterpretation occurred at_grade 8 in both.tasks+ _earlier

'is the first-ranked model, the biconditional is the second-ranked model,

then comnective).

. : R Logical Connectives

AR T

lidered previously, presumsbly because of the presenCe ofvgreatér individual
‘ . \ o

: differences in interpretation. &he RHSD of .19 in the encoding tapk cor-___-_.

ega level and thp RMSD of W34 in the

' . . 41

responds to an r- 6%% 86 at the co

\- \l ..- L] .

"‘ an r2 of - 77. "'I}.- f~*“"o“

i

The'on y.if co e showed’ relatively faster development‘tkan the .“.

;if-then connective. It, too, was interpreted variably by the youngest

«

subjects, then biconditionally, and then conditionally. But the-transitionf~-'

.

than for the if-then connective._ Wherever the éonditional interpretquoﬁ S

-

¥
no

and the discrepancy between the performance of the two models increases vith’ &

-

increasé)g age, as more subjects adopt the conditional meaning.' Good dis- :

tinguishability between the two model patterns as applied to the group,data :

1s not achieved until ‘high school (as contrasted‘with-c011ege for the if-"

Lo .
Co4

Biconditionality. The biconditional_relation‘was alsoiamong the most
¢ . . , ) o

difficult;for'subjects. The,data~in:Tab1e 3 suggest substantialmindividual,}

differences in the interpretation‘of'the biconditional. From grade bzon,
. - R ) v - . ' . )
substantial numbers of subjects diVide between thesconditional ‘and bicondi-

’

. tional interpretations. If anything, there is a tendency for the' (incorrect)

conditional interpretation to. become more predominant with increasing sge.‘ip

Affirmation.. Affirmation was tested only in the encoding task, since e

it does not involve combination of information. The error rate for simple

-

affirmation appeared rather higher in Table 2 than one might have expected

and the pattern of results in Table 2 shows why. The‘difficulty of simple
sffirmation for some subjects appears to have derived largely from the binary

nature of the-task.~ At the second-grade level, being told that an object,"

-,
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say, the circle, vas in the box, was interpreted by some (although not a
'_.-ajority) of subjects as tantamount to being told that elther the circle
was . the box or the ‘square’ was in the box, and indeed it was possible'n-
that the square was in the box., Some fourth graders went to the opposite.
extreme,-interpreting'the statement that the'circle was in the box as im-”\
plying_that the other object,_the square, was not in the box. Although”
it was emphasized'to‘subjects in the initialjinstructions that a Statement'
about’one object supplied information only about that object, some second— f
' and - fourth-grsders incorrectly inferred a connection between the object about t'.
which~a statement was‘made and the-object about which no statement was made‘ ;
"It should be noted however, that substantial numbers of subjects interpreted
affirmation correctly at both grade 1evels. By grade 6 the correct meaning
of affirmation clearly predominated and by grade 8, 1t was firmly/entrenched 10
Negation. Second-graders appear not to have interpreted not in its__‘
logical sense, but at each of the other levels, the first—ranked model pattern

was that of the logical interpretation of not and the performance of this - o

model was far superior- to the_performsnce of alternativemdels. .

Discussion{" T . L o

Summarv-of results._ Chiidren as young'as second grade'encode logical -

connectives in consistent ways, a1though it was not until the fOurth grade\

: that children showed evidence of consistent combination of logical connectives.f'.
.The failure of secondjgraders to combine ina consistent fashion may, of
icourse, have been due to their failure to understand the directions for‘this
.particular tasK as presented in-this'parficular experiment.‘ Koreover,gthe

_second-graders’ nonstandard'interpretations”of,even'the'simplestwconnectives’

<o '

' (such as not) necessitates interpreting all results for these children with,

i caution,'~ ' ' .H'f Lo T . ’/§~ VRt
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B | o _There are large d}fferences:in the diffigglties.of the vsrious'logical |

:

connectives, with conjunction clearly the easiest, exclusive disjunction

(and 1n thé encoding task, affirlation and negation) of intermediate diffi--
culty, and conditionelityAand:biconditionality.the most difficult. As
vould'be'enpected, children improve in-performance vith,increasingfage,f
enceptifor the biconditional " where there is some tendency to turn’ successively
- | more toward the. conditional inteﬁpreta:ion with increasing .age. Comprehension;.
:,' of the, various connectives changes at different rates: Comprehension.ofICon;.

. . Q o~
junctions starts relatively high and stays high, comprehension of conditionals ’

- and- biconditionals starts low and never becomes very high, comprehension of

>

, affirmation, negation and’ disjunction shows substantial improvement vith

age. It is more. difficult to combine the connectives«than-to eneode'them,

o

, : as would be expected, since combination requires encoding as a prerequisite.:

.Effects of content were trivial in this experiment perhaps because the dif-

ferenee between the more-abstract content (shapes) and the-more conérete conji .
L y e b
- tent (fruits) was not large enough to result in differential strategy. The -

~data’suggest that subjects encoded and combined the logical connectives without

,regard to the contentgvehicle through which they were presented.._Effects_of

practice with the connectives in the experimental situation’were significant

in the encoding task, suggesting that single-trial experiments may fail to . B

. give a full picture of subjects capabilities in comprehending the logical

connectives. Improvement was greater for easier than for harder connectives,g

N

e implying that &rrors .on these connectives in the early trials were more likely '

< . to be task-specific. | _g'f‘ RS

t

A

The connective. and was interpreted conjunctively by the majority of

i_ehildren at all_ages represented in~the experiment. Or was interpreted

Semd ¢

.'first'iﬁclusively sndnthén'exclusively.b Lf;then and on z_if_seem to have
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'~ been interpreted as inclusive disjunctions or as con unctions by many

'
i

children at the second—grade 1cvel they acquired their potentially causal

meanings only at the fourth-grsde level and above._ Tﬁe biconditionsl meaning"'

]

first dominated the conditional one, but was gradualﬂy replaced by the :

1

L conditional meaning at the higher grade 1evels. Development of only if if
SR >

proceeded at a more rapid rate than: development of if-e en. If and only 1if

,_' was interpreted either conditionally or biconditionally by children as young . | 5f$'.

as grade 4 and as old as college age The proportion of subjects using the '
_ 1ogically incorrect conditional interpretation actually increaSed with age.".

Simple affirmation presented difficulty for some young children in a binary

‘s -

situation, because of incorrectly inferred constraints upon the object not
mentioned Nevertheless, many children'interpreted affirmation,correctly Y

even at the second-grade level Negation was understood in its 1ogical sense.

by all but the second-graders. 1 S

“

l' Correspondence between the p;esent results and previous ones. . Where

f the present data overlap in scope vith previous data, they show good agree;
.ment with those previous data. The present results for the conjunctive con-
nective replicated Paris s (1973) finding of nearly perfect performance at’

':"sll age levels, and his finding that the conjunctive connective was the

: essiest of .. all Suppes and Feldman (1971), too, found conjunction to be the g“'
easiest of the logical relationships they studie . The present study also. i '-f‘
replicated Neimsrk's (1970) finding that development in comprehension of" the

e connective, or, proceeds throughout high school (and even into college). As
| 1 1l vss the case 1in. the experiments of Ppris and of Suppes -and Feldman, disjunc- :

tion wss more difficult than conjunction. And it was found, as in the studies

' ,;, , v of Paris and of :Peel (1967), thst disjunction is generally interpreted in its"'
_ A exclusive sense by older squects. "The present study slso replicsted Tsplin
\)‘ . L > - ' St . .‘x.v. '2 R - . . . 14,, X lx

cok

. . . : : N v N f 3 L . T . . ’ . '
QAR text provia c . . et A i ’ L > .
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' {et al. 's (1971) finding that the conditional tends to be interpreted con—"’
junctively or’ biconditionally by very young children, that the conjunctive

/

,meaning disappears with increasing age, and that the true conditional meaning

4
o

eyentually replaces‘the[biconditional one. The biconditional meaning was
'predominant in approximatelyfthe'same age range as. in Peel s (1987)'experi;
ment, And as was ‘the case 4n the Taplin et al.. Roberge and Paulus (97D,
;and Kodroff and Roberge (}5757’?/ eriments, performance on. the conditional
3:improved with age.
'An apparent’difference'betveen.the presents results‘andfeomeiprevious
‘_'ones disappears when the data are examined carefully. Paris (1973) found ‘f
- vthe biconditional to be considerably easier than it was found to be in the
'present experiment. The difference in difficulty appears to result from
:i’the difference in acoring methods between experiments, not from differences
.in subjects performance. Paris Scored his data by individual item rather |

than by response pattern. When-the present data were-scored in this way,
. the biconditional appeared to be quite a bit easier. 'The problem'with.thisf
. ' _ scoring method however, is thatvaubjects may respond to individual items
. 'correctly for the wrong reasons, simply because response patterns make vi
-pverlapping predictions. Thus, a subject using a model pattern other than
”,.that of the biconditional will receive credit for gsome correct answers aolely ‘

. ,.because the model'pattern he or she is‘using;overlaps in some of its.responses

‘§ with the biconditional model pattern.

’

&

Pindings regarding content have been mixed, and apparently the specifi\“}

contents used in an experiment make a considerable difference in whether con-

‘tent will yleld nontrivial effects. Roberge and Paulus (1971),.for example, -
used suggestive content that was deliberately misleading. -They found that.

’oubjects performed relatively poorly on this content'type. _Thetpresent.experif__

.
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it uas more like Osherson 8 (1974) experiments in using contents that mere .f‘;:;fii
13 ended to be quite diffeant but not misleading._ Neither Osherson 8 data ;f}i’
nor tbe}present data showed any content effects.' ' " A‘ . .,i;-éiiffif‘
Egnglggiggs. .The presknt expériment was intendedrto.go beyond previousf' A
ex erimehts 1n its (ﬁ)»éimU1tane0uS'investigation oflencoding andicombination.i:_i:f;i:

(b) use of all connectives, rather than just the conditional, in the combi- “i{r

N

v.na#ion task, (¢) study of practice effects, and (d) methodological’refinements

,aHlowing the experimenter to'infer bothzindividual and group interpretations-.

e _vof the.logical connectivesJ ln its juxtaposition'of a task.(combinations
"and subtask (encoding) required for performance of the full task, and in its
techniques of mathematicalrmodeling for eliciting cognitive contents, the experi-g;“

‘ment may be viewed as. follqwing a modified form of - componential analysis

_(Sternberg, 1977, 1978 Sternberg & Rifkin, in press) The methodology seemed@f'~i

cto be reasonably successful in shedding 1ight upon developmental patterns in ;y\
the encoding and combination of logical connectives, and might be suitable for
studying the development of other types of comprehension as well 1f the

study has shown anything, it is the richness of the cognitive contents of ot
' children as young/as grade 2 and as old as college age. o ' : ’

, . o
' . . . X
. " e . . . , . . . . ot

Appendix
The table presented-here shows mean responSe patterns associated with- |
'_each logical connective. These group data formed the basis for the group o j
analyses performed in the aection of  the article on qualitative analyses_ - 1

‘of response patterns.

‘Insert Table A about here_




[+

]

Logiéal-Connectives

R ' N
Reference Note

' . . ’ L T AR

“1. Bil, s, A " A study of the logical ébili;iéglgibcﬁildfeng ‘Doctofal disser-

tation, Sfanfo:d Uhiversify:-fAhn Arﬁor; Hicﬁigan: Univers;;y "1°f°filﬁs;' ,,’f{f

1961, No. 61-1229.



‘Logical Connectives
O | 3]
E e 5 References ‘ '

.
t

: Bourne,'L} ﬁ..'Jr-, & 0'Banion, x{; Conceptnal‘rule.learning and.chronological.J
' ’zage; Developmental Pszchologz 1971 5 525-534. | |
: ?riedmanf'sr R. Developmental level and concept learning ‘Confirmation ofv
'lanhinverSe;relationship.-~Pszchonomic Science, 1965,-2,-3-&.
‘- Johnson-Latrd, P. No Models of deduction. In Rr;Falmagne:(Ed.), Reasoning :

RepreSentatiOnvand grocess. Hilladale, N.J.: Erlbaum, 1975

King, W, A'developmental study of . rule 1earning{g Journal of Experimental
Child~Psxchology 1966 4, 217 231.

Kodroff, J. K., & Roberge, J. Developmental analysis of the conditional

: reasoning abilities of primary grade children. Developmental Psychology,» '

1975. 11 21-28.

'F‘Levine, w; Hypotbesis behavior by humans during diacrinination learning

 Journal of Experimental Psychologys- 1966, 71, 331- 338

'ﬁeimark,,E. D. Development of comprehension of logical connectiveS' 'Under¥

' ?standing of "or." Psychonomic Science, 1970 21, 217 219. :
' |
A Neimark, E. D., & Slotnick N. S. . Development of the understanding of logicalk

connectives. Journal of Educational Pszchologz, 1970 61 bSl-bGO

o' Brien, T. C., & Shapiro, B. J. The development of logical thinking in E :

_children. American Educational Research Journal 1968,,5 531 5&2

~.-Osherson, D. N.' Logical abilities in children (Vol 2) Logical inference

Underlxing erations.‘ Hilladale, N. J.. Erlbaum, 197A

‘Paris, S G. Comprehension of language connectives and propositional logical

relationships- Journal of Experimental Child Pszchologz 1973 16 278-291.

= Peel, E. A.v A method for investigating children's. understanding of certain
logical connectives used in binary propositional thinking. lritish

Journal of Hathematical and Statistical Psychol BY 1967 20 81 92,

‘Roberge, J. .,-& Paulus, D.,B.' Developmental patterns for children s class




.Logical Connectives

;lndvconditionallreasoning ahilities; Developmental Psychology, 1971,

4, 191-200. |
Shapiro, B. J., 0'Brien, T. C. Logical thinking in children.ages eix through

" thirteen. Child Development, 1970, 41' 823-829.

Staudenﬁayer,'ﬂ ' Unders;anding conditional reasoning with meaningful propo—’

sitions,‘ In'R._Falmagne (Ed.); Reasoning; Representation an:$;E0cess;.

" Hillsdale, N.J.: Erlbaum, 1975. =~ S,

Sternherg, R. J. - Intellipence, information proceséing,'and analogical reasoning:

The comgonential-analzsis of human abilities. Hillsdale, N.J.:,_Erlbaum,':

1977.

Sternherg;-R.‘J, Componential investigations of human intelligence. Inh

A".Les"’gold' J - Pellegrino, S. Fokkema, & R. Glaser (Edsi), Cognitive

psychology and instructiOn. 'New'York- Plenum, 1978:

s .

: 'Sternberg, R J., & Rifkin ‘B. The development of analogical reasoning

\ l

processes._ Journal of Egperimental Child Psychology in press.'

.Suppes, P., & Feldman, S. Young children s comprehension of logical connectives.i

Journal of Egg_rimental Child Psychology, 1971 12 36%—317. -

' Taplin, J. E.: Reasoning with conditional sentences. Journal of Verbal Learni;g_i

;

and Verbal Behavior, 1971 10 219 225.

Taplin, J. E., & Staundemayer, B. Interpretation ‘of abstract conditional

sentences in deductive easoning. Journal of Verbal Learning ‘and |

Verbal Behavior 1973, 12, S30-542. . .. o

.”Toplin, J..E., Staudenmayer, H., & Taddonio, J. L. Developnental changes in

| conditional reasoning: Linguistic or logical’ Journalxgi Egﬁerimental

Child Psycholggy, 1974, 17, 360-373. e | o

T S o - - ¢



| ' ~ .
P L L o Logical Connectives

" Wason, ‘P. C; Reasbning. In B ?oss (Ed ), New horizons 1n gsvchologz

Harmonasworth England. Penguin, 1966.

'Weir,,M., . Developmental changesvin problem-eolving'Strategies. Peychdiggicai"i.n.n

T Review, 1964, 71, 473-490, - o S

el L w11kins, M. C.; The effect of changed material on ability to do formal

syllogistic reasoning. Archives of ngpholqu, 1923, No. 102.




. Haven, Connecticut 06520

“Logical Connectives
3

Footnotes

This research was supported in part by grant BNS76—05311 from the
National Science Foundation to Robert J. Sternberg.i I am grateful to

Hargaret E. Turner for invaluable assiétance in all phases of the ex- ‘
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-‘Department of Psychology, Yale University, Box llA Yale Station, New

A variable of potential interest would be subjects sex. Hovever, .
previous research investigating sex differences has failed to find any
(for example ﬂeimark 1970 0'Brien & Shapiro, 1968 Roberge & Paulus,
1971 Suppes & Feldman, 1971' Hill Note l)

2'rhe college students unfortunately do not come from the same school

pOpulation as the elementary and secondany students. This 18 a common ‘and -

l probably insoluble problem 1n much developmental research however, caused

be the. failure of community school populations to remain intact after high school

3Strictly speaking, is and is not are- not logical connectives. They s

vere . included in the study, however because of their obvious importance in
umderstanding communications (including the ones in this experiment) in 'hich
the conventional logical connectives are used. _ |

| “Sex was originally used as an additional independent ‘ariable, but be;i

cause of the absence'offeither main‘fffects or'interactions with this variable, . '

N
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and because of the variable 8 insignificance in past experiments, it ‘was
- dropped in order to increase residual degrees of freedon.-

5ror the conjunctive connective, certain ninor prenises resulted in

. > -~

- _> . contradictions uhen paired with certain major premises. FPor example, if a
S-ajor premise stated that there is circle and a square in the box, A minor

: . | _'_premise stating that thﬂ is not a circle in the box: would be cOntradictory.

J_No contradictory items vere presented to subjects.. ) - S
6'l'his criterion for correctness is obviously a strict one, and to the o

' extent that nonsystematic factors result in responses strayingxfrom the model o
a

pattern,‘the criterion results in an inflation of- the error rate. An alterna-

tive.scoring procedure isisimply to score injividual responSes, rather than
.whole response patterns, as the unit of analysis. There is‘reason to believe
’that this procedure (which has been used in the past) results in serious
distortion of the data, however, for reasons presented in the Discussion section. o
7Analyses were done separately using both the original and replication
: fgroups of adults. The replication group was added to the experiment because B
. all of the original groups were tested by a single experimenter, and it seemed
‘ wise to get at . least some idea of the effect upon results of using a different C
"experimenter (vho tested the replication group only) Since correlations be-
tveen adult data in the original and replication groups vere all over .98, and
' ~since the same patterns of results were obtained for b\th groups analyses

- . -

for the replication group are not presented here.

. ) _i B 8‘l'his quantification procedure assumes thst the.three responses are
_ | equidistant on a continuous interval scale. Although this strong assumption
;v’“;J/isﬁprobably not wholly justified it seems to work uell in practice. First,
the results of the qualitative analyses to be described are consistent vith :
,ananmplify,upon the-resultskof thefquantitative'analyses,,yhere this assumpé”;

e

i
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,tion'uss not madei -Contradictions, vhich vere notifound ‘would have provided
'evidence for failure of the data to conform to the assumption. Second ‘uhere i
] overlap exiats betveen the preaent qualitative reaulta and those from previ-
ous research where - the assumption was not made, there is good agreement be-
tween 1esults, suggesting that thé asaumption did not alter the pattern of
: results. Third the data upon vhich operations vere performed requiring
the assumption of an interval scale (such as averaging) vere highly reliable -
'i across subjects (with one exception to be noted later), according to several
indices. of(internaI#consistency reliability. Thus, there is no reason to be:
lieve that the operations (such as averaging) would result in group patterns
”'unrepresentative of individual ‘data. Pourth, the subassumption of equal ‘
intervals between responses is not critical, since it {s uell;known that
;thehcorrelation coefficient'is remarkably.gtahle under monotone transformations ‘
of a;aet“of‘data. | .

SThe.comprehension of and accordingrto its,logicalvmeaningﬁat all“grade"“
levels_vas fortunate, since‘theuconclusions about whichpthe.aubjects‘had to

¥

make_judgments requiredbunderstanding=of the logical'meaning of and; '

| 10It should be noted that simpLe affirmation as a premise was not the .
same as affirmative atatements in the conclusions. In the conclusiohs, is
was qualified by'___x .so that it was clear that the conclusion referred only
_to a single-object being in the box. In the simple affirmative premises, is_

was unqualified and thus open to multiple interpretations, as the data show.

‘ R
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Taple 2 .

°  Proportions of Response Pat;grﬁs:np; Cohfdrﬁin _to '
Correct Model Pattern for Each Logical Connective ~ +

ReZationship

Overall ..

Grade 2 | Grade 4 |Grade 61J Gradé 8 | High'School COIIege4]

R

!hgoding'task
‘Conjunction - . - - o AU I
A ] .62 | .29 as | .05 | .03 | .06
. Diajunctiqn" R | _ ; 1. ) .',  o i
" Inclusive OR || .94 | .8 | .92 | .82 | .8 | .86
.',";‘ Exclusive OR .88 ¢ .82 .55 | .45 .47 1 .25
Conditionality | |- | I B R
rremEn || 100 ] Les [ w2 | o | er | .
ComyrF || 1000 | .97 8 | .63 | . .61 | .39
: Biconditidna;itf; o ‘ | . B _ o P .‘
I A ONLY IF || .94 | .79 87 .| . .86 | .19
Affirmation _‘_  '. ‘ : o | . .‘ . T o _ .
x| e | e | w63 | a0 | 22
.N?gﬁtibn; ' ' 1 ' o - | N
1s NoT 91 T4 .68 | .32 .36 | g
~5=E91gx‘l; - f90 _ .ZQ—'fom 1;2Zion Tiiﬁaa M.é? ' *’?‘33
. Conjunction I B e . . :
a0 || e | s0 2 | . [ wes f s sl a3
Inclusive OR || 1.00 | 1.00 | .97 | .86 | .93 Y N (Y T3
 Exclusive OR 88 | .19 |-.8 | .n 48 | a9 flooles
Conditionality o S | | B
r-ruen || 1.00 1.00 97 | 100 | .83 81 7 e Y
oy - |l1.00 ] 1.00 92 | .81 62 - |39 || e
Biconditionality o o - o L . -
- rAwomyre|| .4 | .8 § .8 |71 | .80 | .69 .80

Overall 92 | o8 | .76 | .69 | .56 | a3 ff 0"
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s - Table 3 .
!it betveen Responee Patterns and Selected Model Pettems '
. \ for Each Log:l.cel Connective '
'~ Grade Level Co:re'c.t First-Ranked Second-Ranked ' Third-Ranked
‘ o Pattern l ' Pattern l Pattern Pattern
Conjun'ctidn’: AND
_Encodit‘ig Tesk ' ) .
~ P [/ PAQ | a PV, 0
y A -
£ b YR | =20 ., .53 .30
B PAQ TINEE PeQ P e
b .18 a8 .82 .58 .| .61 08
- PAQ P\f Q: P Q.
6 . .06 6% .97 .68. .03 70,00
PAQ PAQ P o
8 03 .03 1,00 .70, .00 .70, .00
-y PAQ PAQ ‘ P ) Q
- Bigh School - .ol .01 1.00] 70 .00 270 .00
—— —~Yyxq | ¥ka | ® | ¢
College .03, .03 .9 .69, - .02 .69, .02
_ " Combination ‘1’eslo:1
. N PrqQ PAQ P+ Q P+Q
4 .33 33, M| .33, e 43 .37
P K Q FAQ '
6 14 4, .90
, PEQ —FKQ _
8 ﬂ a2 12, .88
— ¥ FhQ
High School “ .04 '°4t '1_.2
— TPAqQ FAhq
College .08 .08 9%
- 12 |
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Second-Ranked | Third-Ranked

(bfre,_cj:_ | Pirst—Ranked
: Pattern - Pattern - Pattern . Pattern -
L - .
Disjunction: '. OR _
Encoding Task -
Tn - . . d . N .
., PV Q@ PV, Q PV, Q v Q
“0126‘ ’ 069 ) 026 -_l_‘_ ‘ 036 o__l_‘_ 050 023
. ver_PvinQ _ v | Pvexq_
: 39 | .31 .28 .33 .39 .39 .33
- Vex O P Ve Q P.'V-in‘.Q_' ) PVin'Q
~ ] : .22 - .22 o_§_§_ . oalt cl_g_ .41“ '.1—
-~ 8 " TV [ PV Q | PV, T
S 17 170,68 .35 .28 49 .04
: Vv_q PV._Q PV, Q | PV, Q-
‘ , ex . ex . 4dn - in
High Scheol .18 18 .65 .36 .26 .46 .09
— v.ql PV._Q 1 Pv,.Q , PV, Q
. eX .ex ; - in in
College d0 |- .10 .82 42 .16 50 .02
Combingtion Task .
“10' PVin @ PV, Q PV, Q v P Vex Q
.. . .40 ‘ .5‘0 . ’ 040 _0_2_2 ) .49 0_2__ .54 ‘__2_
6 PVn @ Pﬁ; A L PVa @ [ BV, 0
.43 .65 .39 .34 43 .4 «63 21
8 P Vin @ P Ve Q| PV Q@ P¥n @ ‘4 L P Yy, Q
40 38 | .38 .48 40 .40 | L6712

PV, Q PV _0Q| PV_Q

PV,_Q PV, Q

in ex : ex in . in 7.
High School .56 .20 .20 .80 .54 .20 .66 00
‘Co‘lie e : F¥n @& F Vex @ P Vex O PV @ PVaQ
o onese 64 .09 | .09 .94 .64 .06 68 . .00
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Table 3 Continued .

'Third-Ranked

' Grade Level = || Correct Pirst-Ranked | Second-Ranked
B | i Pattern

Pattern .|  Pattern .Pattern

_._L i PR

Conditionality: IP-THEN -

. R . . - . .7
o psae | v | Pre | w oo
2 . » ’ n. . o ' ) 3 .

- o o " | Encoding Task

S P> Q PeQ | . Q=+P [  P+ao
A s L s s7 e Laal 7 o.sol .20
o P+q | Peq | -PAgq T Peq
.50 - .38 w43l .507 35| .50 .22
P+Q P+Q - P=+Q "Q'-_*P"
.37 3 a9 0 3 a0 .83
| P+ Q P+Q. | P*+q — U
& .38 .38 .57 | . .45 .38 .60 .05 ..
. P+qQ | ‘P=+Q - PeQ U ,"ﬂ,‘.
;.19 .19 78| .45 “aaf .48 .08

- 8

|2-
R Q

_High'S;hooI

Qollege

i L
Combination Task

"
.

P+ Q f Q=+ P o
.64 T .s2: 440 | .58,
P+Q P i Q-+ P P +Q -
.57 o.er 58 T use m] .57 .18
‘ | | P+Q Pe+Q P+qQ | Q=P -
. Hooese 36 84 1 s | .59 12
T P> Q Peq | p*q | a+P
.43 39 .52 | .63 5| .67 .02
. R - P+q. " P=+>Q ) P+ Q 1 o ’
© College . . 1 36 o3 72| .56 191 - .58 .08
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wn
w
@
N
w

L ]
Pa
»

Bigh'School
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' - Table 3 Continued .
| | CosY o . .
Grade Level - || Correct | First-Radked | Second-Ranked | Third-Ranked
' u Pattern Pattern \ Pattern ‘ o Pattern -
“ Conditionality: ONLY IF
: : _;.Eﬁcbditl\gv Task .
C. P+.Q PV, G v S PAQ
. .57 48 30 50 .33 .55 .36
P+ Q PeQ - Q"P."-'l P-*Q'."
b .48 .39 ._é_Q a2 21 48 .32
: P+ Q PeQ P+Q PAQ
-6 42 .38 LALYE . 42 W33 .55 .25
- P+ Q P+ Q P*+qQ .- U _
8. .24 .24 .54 .35 N4l .54 =04
- o P+ Q P~+Q P*Q;;g_v v
_ Bigh School .28 .28 .15 .52 25 .57 90
S P+ Q EEXE PeQ v
College .13 a3 W9 .50 .06 .52 .00
- Combination Task -", .
— ' — ==
P+Q P+ Q v | Jrea
s .51 51 L34 56 .42 61 24
‘P+Q P +Q | P+Q Q+P
6 A4 ias L ae2 ) a4 .28 .63 - .10
P - Q \:*P +Q PeQ . - v .
8 .38 | .38 - .62 41 .36 73 .02
o P+Q *rra P+Q v .
Bigh School .23 23 .| .3 .22 .69 - .00
o P+ Q P+Q | PeqQ . u
College ' o6 | .06 - 2_ .66 .03 .68. 00
45 .
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© First-Ranked | Second-Ranked |Third-Ranked

'* Grade Level . Correct
o SR Pattern

- Pattern

]Pattetﬂ

Pattern .
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- Encoding Task
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PAQ
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—
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jl for whom a giVen interpretation of the logical connective ‘at a particular

o o Logical Connectives - = -
45 | "

9 jible 3 Continued

. . . W . . .
\.& A'.‘,."' %y r‘\r. ‘, e
g

‘ Rote'- Pit in this table ia neasured by root-nean-square deviation (RHSD)..

‘The. nuneral in the center of each cell is the overall RHSD (badness of fit)
~‘for a given interpretation of-the logical connectiVe at a particulsr-grade o
Aleveli This measure is computed by taking the mean of the squsres of the
“differences between predicted and observed values for the group data, and ‘
_ finding the square root of this mean, In the present application, a value
vof 0 would indicate perfect fit of a response pattern to an observed pat- '

1tern, vhereas a value of 2 vould indicate msximally discrepant fit. The. italicized

numeral at’ the right of each cell is the proportion of individual subjects

-

grade.levelrvas best of the top three nodels._ For example, in the encoding

A; task, the data of .51 of the second-graders were best'fit by the conjunctive

”ﬁinterpretation of and the data of 19 vere best fit by an - affirmation (Q);-

and the data of 30 were best fit by the inclusive disjunction. In this_ .

'table, logical symbols are the sane as in Table 1. The letter t is used as’

a sbuscript to denote a. tied RMSD between two entries in a single row. In-‘

s
-,e v

_,such cases, the order of entries is arbitrary. All fits were slso assessed
' fby squared correlations betveen predicted (model) and observed (response)

-'patterns wth similar results. _37 o . .

Since oombination data for the second graders were unreliable, they

} are not’presented in the table.g Note that in the combination task for and
’ the conjunctive and biconditional interpretations of and vere completely con-,,f’

.founded (see text) Proportions vere therefore not split betveen entries. o

"-n'fand instead the full prOportion of subjects for uhom the relevant nodel pat-

tern provided the best fit 1s shown.
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Table A
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Mean.Response Patterns‘Associatéd‘with-Each;Logical Connective
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LM L6
2,53 2.8

12,98 284
|5 28

1,03
295 2.9
30 29
9 295

100

1.0
200
3,00
3,00

1,06 -
300
o
297

Le

AT

2067
2.5

2,62

R

2,40
1,90
2.0

2%
1Le
1.82
T

268 2,69

192 LY
1,95 - 182

292 2.8

’

\{.03 :

.92

2.91

1w

4E§lj25' 2 =2

1
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| 2.5

S

{19 L4
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i 2068
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2066'
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271 058
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LI L

2,82 2,90

2,50
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A 9

1.89
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.91
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1.8
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2,35

E
255
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1440
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1155‘
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2.5
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2,95 300
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1,87 1%
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'_3100:.'
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2,00 |
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12,35

2,15
1.5
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.68
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1016.
Lo

SRR

2,48

140

L

2,61

2,64

'1066

BN
L5
L0,
2,80
210

L

2,83

1.30

108
lfzoas

.o BN IR
Conbination Task

wm

106

281

1,06

1,08
'209&

‘QQQI

: r
7
'l;ﬂ
W
e
i

. . ‘-'A:.-':'_‘A-'r - A._"‘.___-_M . 1;‘»&‘ e ‘;
ol e ol e o o S LT

L L
2,68 2,82
2 L8
L6 T
LI L
Can
2,03 255
186176

. IP-THEN

1,01

29
27

1-.31
1.2

2.50
248
¢ 1052:

1,02

3,00
250
152
140

2,5
2.60

'1.40

L0

2.5

23
L
105
N
F
15

L
' 1097d 

1,76
2,0

LSS
e

.‘_1.‘85
K

140

2.9

2,00
2.0
L
2
24
16y

oy

1.8

2,76
2.4

141
1,29

258
290
137

IF

1.00

2,86
019
160
1,29

2,60

95
1o

L
280
.0
1,88
s
.8

1,00

1,00

Lo

2-9“  T

x

18y

203
3,00
1,08

A SE
seafadsuuoc)y TwS¥Vox .

- QI
oo .



[N
!

"‘,
L .

I R PO T R A

‘ FADOY TP
Mo Coclitdn .~
| 1LY LM% L6 1,05 102, 100
20 6 28 L9 288 2.9
| L6 218 23 23 230 2.4
205 L% L1 L6 LS5 L%
18 L1810
206 2,58 245 1.3 240 246
L5 2.60 271 288 292 2.9
L9 L) 126 426 Lo 108

B
-

»

ol e ke o) O o o

T

Ch
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